The use of TOMS (Total Ozone Mapping Spectrometer) satellite data demonstrates the recently developed technique of using satellite UV radiance measurements to detect absorbing tropospheric aerosols is effective over snow/ice surfaces. Instead of the traditional single wavelength (visible or infrared) method of measuring tropospheric aerosols, this method takes advantage of the wavelength dependent reduction in the backscattered radiance due to the presence of absorbing aerosols over snow/ice surfaces• An example of the resulting aerosol distribution derived from TOMS data is shown for an August 1998 event in which smoke generated by Canadian forest fires drifts over and across Greenland. As the smoke plume moved over Greenland, the TOMS observed 380 nm reflectivity over the snow/ice surface dropped drastically from 90-100% down to 30-40%.
Abstract.
The To study the effects of this smoke plume in both the UV and visible regions of the spectrum, we compared a smoke-laden spectrum taken over Greenland by the high spectral resolution (300 to 800 nm) GOME instrument with one that is aerosol-free. We also discuss the results of modeling the darkening effects of various types of absorbing aerosols over snow/ice surfaces using a radiative transfer code. Finally, we investigated the history of such events by looking at the nearly twenty year record of TOMS aerosol index measurements and found that there is a large interannual variability in the amount of smoke aerosols observed over Greenland. This information will be valuable for studies of radiation and transport processes in the Arctic Hsu et al., 1996; Herman et al., 1997; Seftor et al., 1997; Torres et al., 1998; Hsu et al., 1998] et al., 1998 et al., , Torres et al., 1998 .
I. Introduction

Detection
In this paper, we use satellite measurements from TOMS to demonstrate that the radiance However, in the Atlantic the smoke plumes generated from the forest fires in the Northwest Territories a few days before still remained the dominant feature. It is interesting to note that in Figure 1 , these plumes encountered a small disturbance embedded in the jet stream in the North Atlantic east of Newfoundland on August 7. As a result, a smoke filament was seen to wrap around the contour of the disturbance.
Impact of absorption due to smoke aerosol on reflectance
Since smoke contains black carbon, the smoke particles not only reflect solar radiation back to space, but also absorb radiation. The high spectral resolution radiance measurements from the same time period by the Global Ozone Monitoring Experiment (GOME) instrument onboard the ESA ERS-2 satellite provide an excellent opportunity to study the wavelength dependence of the change in the reflectance due to smoke aerosols over Greenland. Figure 3 shows that for wavelengths longer than 325 nm the reduction in reflectance decreases with increasing wavelength. This is due to the enhanced role of multiple molecular scattering in the total-backscattered radiance as the radiation bounces several times between the aerosol layer and snow/ice surface before finally escaping into space. Figure 4 suggest that the 380 nm reflectance of a highly reflective surfacecanbe reducedby asmuchas40% for moderatelyabsorbingcarbonaceous aerosolswith a 380nm optical thicknessof 1.This is comparable to the observedchangein the reflectivity by TOMS andthe observeddifferencein the GOME spectra.
Torresetal.
[1998]usedthe sameradiativetransfermodelto showthatthe ratio of TOMS (340-380nm) aerosolindexto aerosol opticalthickness(at 380nm)isl.8 for the C1 modeland2.9
for theC2 modelfor a solarzenithangle40°, the nadir view, andassumingthat surfacereflectivity is Lambertian and equal to 0.6. Based upon the C1 and C2 models, we estimated that the maximum The radiative transfer processes is more complicated when the air path is large, especially over snow/ice surfaces, and is beyond the scope of this study.
It is apparent from Figure 5 that smoke was observed almost every year over the Canadian boreal forest, with a significant amount of interannual variability. Large areas of smoke were observed by TOMS in 1981 , 1982 , 1987 , 1988 , 1989 , 1990 , 1994 , and 1998 smoke was seen over Greenland in 1981 Greenland in , 1987 Greenland in , 1988 Greenland in , 1989 Greenland in , 1990 Greenland in , 1994 Greenland in , and 1998 Based upon the nearly 20 year record of TOMS aerosol measurements, the trajectories of smoke plumes transported over long distances from the boreal forest fires are often observed to be embedded in the polar and Arctic jet stream. We use the NCEP monthly averaged geopotential height at 500 mb for August 1994 and August 1982, depicted in Figure 6 (top) and (bottom), respectively, to illustrate the role of the polar and Arctic jet stream in the long-range smoke transport.
When the Arctic jet stream over Canada was very strong (e.g., in August 1994) the rapid flow associated with the jet stream provides a north pathway to transport the smoke plumes from Canada to Greenland. However, when the Arctic jet stream was weak and the polar jet stream was very strong (e.g., 1982), resulting in smoke plumes traveling across the Atlantic to Europe at lower latitudessouthof Greenland.
Concluding Remarks
In 1994 [Dibb, et al, 1996 Currie, et al., 1998 ]. The amounts of smoke derived from the analyses of the chemical composition collected at the surface during the 10 day time period of the expedition over Greenland correlate well with the overpass TOMS aerosol index data from the same days.
Fire statistics (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) show that, next to the occurrence of Russian fires, Canadian fire activity is the largest in the boreal forest zone in term of the number of fires and area burned [Stocks, 1991] . We have found that during the recent 1998 Canadian forest fire event, nearly one-third of Greenland was covered by the smoke palls transported from Canada and the reflectance over the snow/ice surface in Greenland was reduced due to such aerosols by as much as 60%. Because of the large changes, the effect of such smoke events could be important in determining the radiative energy budget, particularly in the polar region. Since the large smoke plumes were often observed to be embedded in the polar and Arctic jet stream, further studies are needed to better understand the feedback between the smoke plume and the jet stream. 
